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Figure 2.1: View of the sPHENIX detector with its component subdetectors.

[Compact TPC] A compact time projection chamber

Electromagnetic Calorimeter Tungsten-scintillating fiber sampling calorimeter inside the
magnet bore read out with silicon photo-multipliers. The calorimeter has a small
Molière radius and short radiation length. allowing for a compact design.

Inner Hadronic Calorimeter Sampling calorimeter of non-magnetic metal and scintillator
located inside the magnet bore.

Outer Hadronic Calorimeter Sampling calorimeter of magnet steel scintillator located
outside the cryostat which doubles as the flux return for the solenoid.

In the following list we provide a high-level mapping between physics aims and various
detector requirements. The justification for these requirements is then discussed in more
detail in subsequent sections.
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Chapter 2

Physics-Driven Detector Requirements

Figure 2.1: End view of the sPHENIX detector with its component subdetectors.

In order to perform the physics measurements outlined in Chapter 1, sPHENIX must satisfy a
set of detector requirements. In this Chapter we discuss the physics-driven requirements on the
performance of the sPHENIX detector. In addition, as outlined in the Executive Summary, this
sPHENIX upgrade serves as the foundation for a future upgrade to a world class Electron-Ion
Collider (EIC) detector built around the BaBar magnet and sPHENIX calorimetry, and those
requirements are taken into account. The details of specific detector and GEANT4 simulations
regarding the physics capability of the sPHENIX reference design are given in Chapter 4. The
sPHENIX physics program rests on several key measurements, and the requirements that drive any
particular aspect of the detector performance come from a broad range of considerations related to
those measurements. A consideration of the physics requirements has led to the development of
the reference design shown in Figure 2.1 and this will be described in detail in Chapter 3.
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sPHENIX Calorimeter System

2

• photons 
• upsilons 
• jets

this talk: how does want we want to measure drive the 
calorimeter system design?

calorimeter observables



large rates over a wide kinematic range!
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Physics Performance Jet Physics Summary
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Figure 4.43: Projected statistical uncertainties on the RAA for inclusive photons (green points, as-
suming RAA = 1), b-jets (blue points, assuming RAA = 0.6), inclusive jets (red points, assuming
RAA = 0.4) and charged hadrons (black points, assuming RAA = 0.2). These projections are made
with a b-jet tagging efficiency of 50%, 10 weeks of p+p and 22 weeks of Au+Au data taking.
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Beauty Quarkonia Performance Physics Performance
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Figure 4.47: Estimate of the yields expected for the three U states as a function of pT from a 10 week
p+p run.
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Figure 4.48: Estimate of the statistical precision of a measurement of RAA versus pT for the U states
using sPHENIX, for the most central 0–10% of events. The left panel shows the result if there is no
suppression, the right panel shows the result assuming that the measured RAA is equal to the theory
results in [188]. The yields assume 100 billion recorded Au+Au events.
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Physics Performance Beauty Quarkonia Performance
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Figure 4.49: Estimate of the statistical precision of a measurement of RpAu for the U states using
sPHENIX, in four centrality bins. The suppression is taken to be linear with centrality and the
centrality integrated suppression for each state is set to match the double ratios of U(2S)/U(1S) and
U(3S)/U(1S) measured by CMS at 5.02 TeV collision energy in p+Pband p+p collisions. The yields
are for 10 weeks of p+Au running.

those in peripheral Au+Au collisions.

We conclude from these results that the proposed upgrade to the sPHENIX detector would provide
an excellent U measurement, and would have the required mass resolution and S/B to separate the
U(1S) state from the U(2S) and U(3S) states. Further, we expect that by fitting a line shape — which
could be determined very well from the U(1S) peak — we could extract the U(2S) and U(3S) yields
separately with precision.

The expected higher statistics from the LHC experimental measurements of Upsilons over the next
decade underscore the need for measurements at RHIC with sufficient statistics to differentiate
cold and hot nuclear matters effects. In particular the almost order of magnitude larger acceptance
for sPHENIX compared with the STAR MTD enables the precision required in p+p, p+Au and
Au+Au to test models for the onset of suppression, where CMS already observes differential
suppression of the three states.
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physics requirements
• reconstruction of jets from ~ 20 - 70 GeV 

• EMCal & HCal with full, uniform acceptance over |η| < 1 
• essential — jets are large objects in the calorimeter 

• ~5.5 λ → 95% energy containment 
• good jet performance, both in pp & AA 
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Detector Overview Segmentation
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Figure 2.2: (Left) Pseudorapidity distribution of PYTHIA jets reconstructed with the FASTJET
anti-kT and R=0.2 for different transverse energy selections. (Right) The fraction of PYTHIA
events where the leading jet is accepted into a given pseudorapidity range where the opposite
side jet is also within the acceptance. Note that the current PHENIX acceptance of |h| < 0.35
corresponds to a fraction below 30%.

background) in those events where the away side jet is out of the acceptance. For the latter
effect, the key is that both jet axes are contained within the acceptance, and then events
can be rejected where the jets are at the edge of the detector and might have partial energy
capture.

2.2 Segmentation

Jets are reconstructed from the four-vectors of the particles or measured energies in the
event via different algorithms, and with a typical size R =

p
Df2 + Dh2. In order to recon-

struct jets down to radius parameters of R = 0.2 a segmentation in the hadronic calorimeter
of Dh ⇥ Df = 0.1 ⇥ 0.1 is required. The electromagnetic calorimeter segmentation should
be finer as driven by the measurement of direct photons for g-jet correlation observables.
The compact electromagnetic calorimeter design being considered for sPHENIX has a
Molière radius of ⇠ 15 mm, and with a calorimeter at a radius of about 100 cm, this leads
to an optimal segmentation of Dh ⇥ Df = 0.024 ⇥ 0.024 in the electromagnetic section.
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Scientific Objective and Performance Jet Rates and Physics Reach
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Figure 1.19: Jet, photon and p0 rates for |h| < 1.0 from NLO pQCD [117] calculations scaled
to Au+Au central collisions for

p
sNN = 200 GeV . The scale uncertainties on the pQCD

calculations are shown as additional lines. Ten billion Au+Au central collisions correspond
to one count at 10�10 at the bottom of the y-axis range. A nominal 22 week RHIC run
corresponds to 20 billion central Au+Au events.

coupling models [120, 121] will need to confront the full set of observables measured at
RHIC.

The measurement of jet quenching observables, as a detailed function of orientation with re-
spect to the reaction plane, is directly sensitive to the coupling strength and the path length
dependence of any modification to the parton shower. In addition, medium response may
be optimally measured in mid-central collisions where there is a lower underlying event
and where the medium excitations are not damped out over a longer time evolution as
in more central collisions or which may be the case also at LHC. Shown in Figure 1.20
are projected uncertainties from sPHENIX for the direct photon and reconstructed jet
observables in three orientation selections. One expects no orientation dependence for
the direct photons and the question is whether the unexpectedly large dependence for
charged hadrons persists in reconstructed jets up to the highest pT. Note that the same
measurements can be made for beauty tagged jets, charged hadrons up to 50 GeV/c, and a
full suite of correlation measurements including jet-jet, hadron-jet, g-jet.
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jets in a heavy ion environment

5

Jet performance in Au+Au collisions Physics Performance
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Figure 4.7: The GEANT4 calculated energy resolution of PYTHIA jets embedded in a Au+Au HIJING
event, reconstructed using the anti-kT algorithm with R = 0.2 and R = 0.4. The points, showing the
result of the full simulation, are compared to the dotted lines, showing the result obtained using the
fast simulation.

simulation. Again, the GEANT4 resolutions are well below our physics performance specifications.

In addition to the resolution effects, fluctuations in the underlying event can create local maxima
in energy that mimic jets, and are often referred to as fake jets. While resolution effects can be
accounted for in a response matrix and unfolded, significant contributions of fake jets cannot be
since they appear only in the measured distribution and not in the distribution of jets from real
hard processes. Thus, we first need to establish the range of jet transverse energies and jet radius
parameters for which fake jet contributions are minimal. Then within that range one can benchmark
measurements of the jet and dijet physics observables.

4.4.1 Jet and Fake Jet Contributions

In this section we discuss both the performance for finding true jets and estimations based on
HIJING simulations for determining the contribution from fake jets. It is important to simulate
very large event samples in order to evaluate the relative probabilities for reconstructing fake
jets compared to the rate of true high ET jets. Thus, we employ the fast simulation method and
the HIJING simulation model for Au+Au collisions. The ATLAS collaboration has found that the
energy fluctuations in the heavy ion data are well matched by HIJING at

p
sNN = 2.76 TeV [168].

We have also added elliptic flow to the HIJING events used here. The fast simulation takes the
particles from the event generator and parses them by their particle type. The calorimeter energies
are summed into cells based on the detector segmentation and each tower is considered as a
four-vector for input into FASTJET.
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Physics Performance Jet performance in Au+Au collisions

Any jet measurements in heavy ion collisions must remove the uncorrelated energy inside the jet
cone from the underlying event. The approach developed in our studies is described in detail in
Ref. [161]. A schematic diagram of the algorithm (based on the ATLAS heavy ion method) is shown
in Figure 4.8. Candidate jets are found and temporarily masked out of the event. The remaining
event background is then characterized by the strength of its v2 and the overall background level in
individual slices in pseudorapidity. Higher order flow harmonics were not included in this study.
New candidate jets are determined and the background and v2 are recalculated. The jet finding
algorithm is then re-run on the background subtracted event to determine the collection of final
reconstructed jets. This process is then run iteratively to a convergent result.

In order to distinguish true jets from fake jets we have augmented the HIJING code to run the
FASTJET anti-kT algorithm with the output of each call to the fragmentation routine (HIJFRG). In
this way the true jets are identified from a single parton fragmentation without contamination
from the rest of the simulated event. The reconstructed jets can then be compared to these true jets.
Reconstructed jets which are within DR =

p
Dh

2 + Df

2 < 0.25 of a true jet with ET > 5 GeV are
considered to be matched and those which are not are classified as fake jets.

Other estimates of fake jet rates in heavy ion collisions have failed to take into account how the
structure of the background fluctuations and the detector granularity affects the probability of any
particular fluctuation being reconstructed as a jet. Note that simply blurring individual particles by
a Gaussian with an underlying event fluctuation energy results in a substantial overestimate of
the fake jet rate, and is not a replacement for a complete event simulation incorporating FASTJET
reconstruction with a full jet and underlying event algorithm implementation. Thus, we believe
these studies provide an accurate assessment of the effect of fake jets.

12-14-2011

Run jet reco algorithm on 
0.1x0.1 calorimeter cells

Determine set of seed jets 
- R = 0.2
1st pass: towers in jet:

2nd pass: jet ET > 20

ET,max

< ET >
> 3

Determine v2 for event
- exclude towers within Δη < 0.4 
of seed jet Determine background ET in η strips

- demodulate by v2
- exclude towers within ΔR < 0.4 of seed jet

Subtract background from jets 
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- first remodulate background by v2

Subtract background from event 
tower-by-tower

- first remodulate background by v2

Run jet reco algorithm

Output: background subtracted 
reco jets of various R values

Figure 4.8: Schematic diagram for the jet reconstruction algorithm.

As an illustration of true and fake jets we show two calorimeter event displays in Figure 4.9.
True jets at high ET are a rare occurrence. A large energy background fluctuation at high ET that
mimics a jet is also a rare occurrence. Thus the only way to quantify the impact of fake jets on the
jet performance is to run a large sample of untriggered simulated events and assess the relative
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• UE contribution subtracted with ATLAS-style iterative 
algorithm 

• affects of underlying event become more pronounced at 
low pT, larger jets and more central events

Hanks et al PRC 86 (2012) 024908

PYTHIA & HIJING in Geant4 
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Fig. 51 Difference in jet response R = pjet
T /ptruth

T of isolated jets initi-
ated by light quarks and gluons as a function of the true jet pT, for anti-kt
jets with R = 0.4 in the barrel calorimeter. Three different calibration
schemes are shown for a the EM+JES calibration, b the LCW+JES

calibration, and c the alternative Global Sequential (GS) [3] scheme.
Three different MC simulation samples are also shown, Pythia (solid
red circles), Herwig++ (open blue circles) and Pythia Perugia2011
(open black squares)

Figure 51 shows the jet response difference between jets
initiated by light quarks and gluons in the central |ηdet|
region of ATLAS for Pythia (standard ATLAS MC11 tune),
Pythia (Perugia2011 tune) and Herwig++. Comparisons
between the first two simulations show the impact of the
underlying event tune on the response differences. Compar-
isons between Pythia and Herwig++ provide an estimate
of the impact of differences in the modelling of the par-
ton shower, fragmentation and hadronisation for generators
modelling the jet fragmentation well within the constraints
provided by data. The differences in the response between
these two models are large, while the effect of the underlying
event tune is small, as can be seen by comparing the standard
Pythia MC11 tune with the Perugia2011 tune.

Further analysis of the large differences between Pythia
and Herwig++ indicate that the cause is almost exclusively
the difference in the response to gluon jets. This leads to a siz-
able response difference for the inclusive jet sample, which
in the lower-pT region has mainly gluon-initiated jets in the
final state. Significantly smaller differences are observed in
the samples used to calibrate the absolute jet response in the
lower-pT regime, like γ -jet and Z -jet, which have a dominant
contribution from light-quark jets.

The systematic effect illustrated by the difference between
the two MC simulations can be included as an additional
systematic uncertainty. For this, the response variation #RS
for a given event sample S can be written as

#RS = # fg(Rg − 1) + # fuds(Ruds − 1)

+ fg#Rg + fuds#Ruds + fb#Rb + fc#Rc,

(17)

where Rg , Ruds , Rl , and Rb refer to the response to jets initi-
ated by gluons, light (u, d, s) quarks, c-quarks, and b-quarks,
with # denoting the uncertainty on the respective variable.

The fractions fx refer to the fractions of jets with a given
partonic flavour x ∈ {g, uds, c, b} in the sample s. Under
the simplifying assumption that the jet energy scale uncer-
tainty is established in situ for light-quark jets and that it is
the same for jets from b-quarks and c-quarks, Eq. (17) can
be simplified to

#RS = # fq(Rq − Rg) + #Rq + fg#Rex
g , (18)

where #Rq ≡ #Ruds ≡ #Rb ≡ #Rc and fq = fuds +
fl + fb = 1 − fg . The additional term #Rex

g reflects an
additional variation that represents the uncertainty on the
response of gluon jets that arises from the systematic effects
captured by the different MC simulations. Note that the first
term of this equation is used to estimate the effect of the
results shown in Fig. 51 on the systematic uncertainty of the
jet energy scale in a sample of imprecisely known flavour
composition.

The additional termRex
g was not added to the 2010 ATLAS

jet energy scale uncertainty for simplicity, since it was much
smaller than the dominant contributing effects. The improve-
ments in the jet energy measurement achieved with the
2011 dataset require this more careful treatment. Using the
response difference Rq − Rg with the EM+JES calibration
at low pT shown in Fig. 51, the uncertainty on Rex

g amounts
to about 3 % in a sample with 75 % gluon content, which
is close to the inclusive jet sample. It is reduced to about
1 % in a sample with 25 % gluon content, as expected for
t t̄ with radiation. The uncertainty at high pT is smaller than
1 %. This term in the uncertainty can also be reduced by a
factor of 2 or more when using the more evolved calibration
schemes LCW+JES or GS.

The in situ jet energy scale uncertainty is derived using
γ -jet and Z -jet samples, which at low pT are dominated
by light-quark jets. The expression for the total uncertainty
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response to modified jets

• quark/gluon mix changes quickly at 
RHIC (also quenching effects) 

• good for further study at sPHENIX

6

Heavy Ion Physics: sPHENIX Plan RHIC and LHC Jet Physics

the understanding of jet quenching by answering basic questions about the nature of
the medium-modified final-state parton showers generated in very high energy hard-
scattering processes. However, we believe that jet measurements at RHIC, in conjunction
with LHC measurements, will be essential for the development of a unique answer to the
“big picture” question posed at the beginning of this section—namely an understanding
of the modification of the parton shower generated by hard scattering processes and the
physics of the interactions of the partons in that shower with the medium at all resolution
(virtuality) scales and as a function of medium temperature and density.

Also, there is a significant difference in the flavor composition of the final-state par-
ton spectrum at high ET between RHIC and the LHC. As shown in Figure 3.22, for
ET > 50 GeV more than 90% of the jets at RHIC are quark jets. At the LHC there is a
more even balance of quark and gluon jets, though the majority of jets are still due to the
fragmentation of gluons. The difference in the strength of the quenching for quarks and
gluons needs to be disentangled, particularly when the role of flavor changing g ! qq
splitting processes in the parton shower are included. The purity of the sample of high
energy quark jets at RHIC provides an advantage in a program whose goal is a precise
understanding of the mechanism of jet quenching.
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Figure 3.22: Comparison of fraction of quark and gluon jets from LO pQCD calculations
for RHIC (200 GeV) and the LHC (5.5 and 2.75 TeV) [306].

Hard scattering processes at the LHC will provide the opportunity to study jet quench-
ing at very high outgoing parton virtualities, but those high virtualities also present a
challenge. The interpretation of the quenching of multijet (i.e. more than 2 jet) final
states—predominantly from hard radiation of one of the outgoing jets—must account
for the interplay of the time-scale for the emission of that radiation in the parton shower
and the time-scale for the evolution of the medium. Underlying event studies of jet sub-
structure will be necessary to measure split jets which are nominally isolated but where
one of the jets is below 50 GeV. Ultimately, the understanding of the substructure of very
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difference in energy response to 
quark and gluon jets 

Physics Performance Jet performance in p+p collisions

in p+p collisions at 7.0 TeV is approximately 120%/
p

E which is roughly 1.2 times worse than the
quoted single particle hadronic calorimeter resolution [166]. The sPHENIX jet energy resolution
and hadronic calorimeter resolution from GEANT4 are consistent with this expectation, and both
are within our performance specifications.

We also calculate the jet energy scale and resolution where we have tagged from the truth informa-
tion quark and gluon jets. These results are shown in Figure 4.4 (left) and indicate no significant
differences in jet energy scale and resolution despite the significantly different fragmentation
function (right).
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Figure 4.4: (left) The GEANT4 calculated energy resolution of single jets in p+p collisions separated
into quark and gluon jets. (right) The PYTHIA calculated fragmentation function of quark and gluon
jets separately.

4.3.1 p+p Inclusive Jet Spectra

In order to model the jet resolution effects described above on the inclusive jet spectra in p+p
collisions at

p
sNN = 200 GeV, we have used the very fast simulation. This method entails running

PYTHIA, sending the resulting final state particles through FASTJET to find jets, and then blurring
the energy of the reconstructed jets with values obtained from the full GEANT4 simulation.

The truth spectrum of jets is obtained by using FASTJET to cluster the PYTHIA [157] event with
the anti-kT algorithm. Figure 4.5 shows the true jet pT spectrum as the solid histogram. The
convolution of the hard parton-parton scattering cross section and the high-x parton distribution
function results in a jet cross section that falls nearly exponentially over the range 20–60 GeV, before
turning steeply downward as it approaches the kinematic limit, x = 1.

Figure 4.5 also shows the very fast simulation result for the measured jet ET spectrum. The main
effects of the jet resolution on the jet energy spectrum are to shift it to higher energy and stiffen
the slope slightly. Both of these effects can be undone reliably by a process of unfolding. We have
employed the ROOUNFOLD [167] package and for this demonstration utilize the Iterative Bayes
method with 4 iterations. The results of the unfolding are shown in Figure 4.5, along with the ratio
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electrons
• electron identification: E/p matching 

• necessary to suppress comb. background under Y 
states

7

Alternative Technologies Electromagnetic Calorimeter

Figure 5.26: Pion rejection vs. electron identification efficiency for a single particle simulation
for the 2-D projective SPACAL, which represents the performance for p+p and EIC collisions.

Figure 5.27: The pion rejection vs electron identification efficiency for the 2-D projective (left)
and 1D-projective (right) SPACAL in central Au+Au collisions (0-10% central).
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Silicon Strip Outer Tracker Option Tracker
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Figure 4.13: The mass spectrum expected in the 0-10% centrality bin from 1 year of AuAu
running. The background is estimated using a fast simulation based on measured pion and
electron yields from PHENIX.

4.6.3 Silicon Strip Tracker Design Details

The silicon strip tracker consists of 3 stations, as shown in Figure 4.7. The S0 and S1 stations
each consist of two layers which are separated by 1cm in the radial direction. Both layers
(a and b) have fine pitch in the azimuthal direction. Adjacent sensor modules in azimuthal
angle are staggered in radius and offset in azimuth relative to each other for hermeticity.
Shown in Figure 4.14 is the 3D CAD design of the S1 station.

Figure 4.14: CAD drawing of the silicon strip tracker S1 layer. In order to minimize the dead
area, every other sensor modules are staggered.
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photons

• γ/π0 ratio > 15 GeV exceeds 1 in AuAu 
• γ rates out to ~50 GeV  
• segmentation of EMCal needs to be < size of γ 

clusters
8

Scientific Objective and Performance Jet Rates and Physics Reach

because the p0s are significantly suppressed. Taking the suppression into account, the
g/p0 ratio at RHIC exceeds one for pT > 15 GeV/c. The large signal to background means
that it will be possible to measure direct photons with the sPHENIX calorimeter alone,
even before applying isolation cuts. Beyond measurements of inclusive direct photons,
this enables measurements of g-jet correlations and g-hadron correlations.
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Figure 1.21: NLO pQCD calculations of direct photons and p0 for RHIC and LHC. The
plot on the left shows the counts per event in Au+Au or Pb+Pb collisions (including the
measured RAA suppression factor for p0). The upper (lower) panel on the right shows the
direct g to p0 ratio in p+p (Au+Au or Pb+Pb) collisions, in comparison with measurements
from the PHENIX experiment at RHIC [122, 123].

1.10.4 Hard probe statistics and range in pT

Figure 1.22 summarizes the current and future state of hard probes measurements in A+A
collisions in terms of their statistical reach, showing the most up to date RAA measurements
of hard probes in central Au+Au events by the PHENIX Collaboration plotted against
statistical projections for sPHENIX channels measured after the first two years of data-
taking. While these existing measurements have greatly expanded our knowledge of
the QGP created at RHIC, the overall kinematic reach is constrained to < 20 GeV even
for the highest statistics measurements. Figure 1.23 shows the expected range in pT for
sPHENIX as compared to measurements at the LHC. Due to the superior acceptance,
detector capability and collider performance, sPHENIX will greatly expand the previous
kinematic range studied at RHIC energies (in the case of inclusive jets, the data could
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Figure 1.19: Jet, photon and p0 rates for |h| < 1.0 from NLO pQCD [117] calculations scaled
to Au+Au central collisions for

p
sNN = 200 GeV . The scale uncertainties on the pQCD

calculations are shown as additional lines. Ten billion Au+Au central collisions correspond
to one count at 10�10 at the bottom of the y-axis range. A nominal 22 week RHIC run
corresponds to 20 billion central Au+Au events.

coupling models [120, 121] will need to confront the full set of observables measured at
RHIC.

The measurement of jet quenching observables, as a detailed function of orientation with re-
spect to the reaction plane, is directly sensitive to the coupling strength and the path length
dependence of any modification to the parton shower. In addition, medium response may
be optimally measured in mid-central collisions where there is a lower underlying event
and where the medium excitations are not damped out over a longer time evolution as
in more central collisions or which may be the case also at LHC. Shown in Figure 1.20
are projected uncertainties from sPHENIX for the direct photon and reconstructed jet
observables in three orientation selections. One expects no orientation dependence for
the direct photons and the question is whether the unexpectedly large dependence for
charged hadrons persists in reconstructed jets up to the highest pT. Note that the same
measurements can be made for beauty tagged jets, charged hadrons up to 50 GeV/c, and a
full suite of correlation measurements including jet-jet, hadron-jet, g-jet.
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EMCal: energy resolution requirements

• EMCal requirement: distinguish photons & electrons from UE 
• most stringent case: electrons from Υ decay 

• ~5 GeV electrons 
• having the EMCal energy resolution about the same as the UE 

event contribution under the electron → ΔE/E ~ 15% / √E 
• inner HCal can provide some help/confirmation

9

more: J. Huang's talk tomorrow

Electromagnetic Calorimeter Alternative Technologies

Figure 5.24: Linearity for single photon clusters as reconstructed with the full sPHENIX
detector simulation and analysis chain. The linearity is calibrated for each pseudorapidity
region to 1 at the low energy end, while the non-linearity towards the high energy end is
quantified via a quadratic fit.
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Figure 5.25: a) Energy per tower (⇠ 1R2
M) for central Au+Au HIJING events, b) Mean energy

for a 3 ⇥ 3 EMCal tower-cluster. The 2-D projective SPACAL configuration is shown here.
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Chapter 2

Physics-Driven Detector Requirements

Figure 2.1: End view of the sPHENIX detector with its component subdetectors.

In order to perform the physics measurements outlined in Chapter 1, sPHENIX must satisfy a
set of detector requirements. In this Chapter we discuss the physics-driven requirements on the
performance of the sPHENIX detector. In addition, as outlined in the Executive Summary, this
sPHENIX upgrade serves as the foundation for a future upgrade to a world class Electron-Ion
Collider (EIC) detector built around the BaBar magnet and sPHENIX calorimetry, and those
requirements are taken into account. The details of specific detector and GEANT4 simulations
regarding the physics capability of the sPHENIX reference design are given in Chapter 4. The
sPHENIX physics program rests on several key measurements, and the requirements that drive any
particular aspect of the detector performance come from a broad range of considerations related to
those measurements. A consideration of the physics requirements has led to the development of
the reference design shown in Figure 2.1 and this will be described in detail in Chapter 3.
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EMCal plan

• tungsten powder / scintillating fiber EMCal 
• 2.3 cm Moliere radius suitable for high 

multiplicity HI environment at a detector 
radius of 90cm 

• ΔηxΔφ = 0.024x0.024 = ~25k towers 
• X0 = 7mm, 18X0 = 12cm thick absorber 

• provides the necessary 15%/√E energy 
resolution 

• makes good use of the radial space inside 
the magnet 

• between the tracking and the inner HCal

11
two towers



EMCal plan
• projective in 2 demensions 

• fibers point back to the IP in φ & η 
• 1D projective production under control; 2D 

projective production process needs 
development 

• possible we'll only need φ projectivity 
• recent improvements to simulations 

improve e/h separation from initial studies 
• 2D will always have better performance, 

but production process still under 
development 

• 1D/2D projectivity is a major decision point 
in the EMCal design

12



electron ID performance
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Performance : electron-ID in Au+Au 

Nov 9-10, 2015 sPHENIX Cost and Schedule Review 11 

Updated and more detailed simulation show good safety margin on electron-ID 
performance on top of the baseline design (as required to reach Upsilon program physics 
goal) 

Baseline performance,  
design goals 
• Sum all scintillator energy 
• 1D SPACAL material with hits 

grouped into 2D SPACAL 
towers  

2D projective SPACAL 
• Updated studies (Preliminary) 
• Sum all hadron taking account 

of hadron ratio 
• Full digitization (w/ Birk 

corrections) 
• Full tracking with silicon opt. 
• Fully implemented 2D SPACAL 

(tower/support structure) 

1D projective SPACAL 
• Updated studies (Preliminary) 
• Sum all hadron taking account of 

hadron ratio 
• Full digitization (w/ Birk corrections) 
• Full tracking with silicon opt. 
• Ideally towering (no-tower boarder, 

no enclosure structure) 

Reconstructed η and p Reconstructed η and p 

updated AuAu simulations

Performance : electron-ID in Au+Au 

Nov 9-10, 2015 sPHENIX Cost and Schedule Review 11 

Updated and more detailed simulation show good safety margin on electron-ID 
performance on top of the baseline design (as required to reach Upsilon program physics 
goal) 

Baseline performance,  
design goals 
• Sum all scintillator energy 
• 1D SPACAL material with hits 

grouped into 2D SPACAL 
towers  

2D projective SPACAL 
• Updated studies (Preliminary) 
• Sum all hadron taking account 

of hadron ratio 
• Full digitization (w/ Birk 

corrections) 
• Full tracking with silicon opt. 
• Fully implemented 2D SPACAL 

(tower/support structure) 

1D projective SPACAL 
• Updated studies (Preliminary) 
• Sum all hadron taking account of 

hadron ratio 
• Full digitization (w/ Birk corrections) 
• Full tracking with silicon opt. 
• Ideally towering (no-tower boarder, 

no enclosure structure) 

Reconstructed η and p Reconstructed η and p 

pCDR AuAu simulations

physics requirement: 90:1 rejection at 70% electron efficiency, 
updated simulations provide some additional safety margin/higher 

electron efficiency



HCal concept

14

• two sections 
• 1λ between the EMCal and magnet 
• 3.5λ after magnet 

• ΔηxΔφ = 0.1x0.1 
• hadronic showers large 

• steel absorber plates with scintillating tiles

2014 prototype



moving forward

• prototyping: April 2016 at Fermilab 
• targeted toward η = 0 

• EMCal modules 1D projective 
• modules produced at Illinois & THP (outside company)

15

stacking Illinois produced 
modules at BNL last 

week!



moving forward

• prototyping: November 2016 @ Fermilab 
• targeted toward high |η| 

• EMCal: decision point for 1D vs 2D projectivity 
• need to know if we can build it 
• need to know if we need it—simulations

16



moving forward

• great progress on electron identification targeted 
simulations 

• over the next several months need to decide on 1D vs 
2D projectivity for the EMCal  

• manpower challenge since it's in parallel with 
testbeam at Fermilab 

• simulations: validate them with testbeam at Fermilab 
and update the physics performance of the calorimeters

17



summary

• many details I've left out 
• more dedicated talks tomorrow 
• EMCal (Craig Woody) 
• HCal (John Lajoie) 
• Electronics (Eric Mannel) 
• Simulations (Jin Huang)

18

we've made a lot of progress, but there are lots of 
ways remaining to contribute to calorimeters and 

their simulations, come talk to us!


